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AKI 

Rinaldo Bellomo, John Kellum, Claudio Ronco Lancet (2012) 
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Rinaldo Bellomo, John Kellum, Claudio Ronco Lancet (2012) 
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Rinaldo Bellomo, John Kellum, Claudio Ronco Lancet (2012) 



EaHy detection 
biomarkers 

Serum (NGAL 
Cys C); urine 
(NGALIL-18, 
KIM-1, GST, 
L-FABP) 


Diagnostic 

biomarkers 

Serum (NGAL 
Cys C); urine 
(NGAL KIM-1) 


Diagnostic 
biomarkers 
Serum 
(creatinine, 
urea, Cys C) 


Prognostic 
biomarkers 
Serum (NGAL 
CysQ creatinine, 
urea, IL-6, CRP); 
urine (NGAL 
KIM-1) 
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AKI: KDIGO 2012 


Kidney International Supplements 


Stages defined by 
creatinine and 
urine output 
are surrogates 


Normal 



Increased 

risk 


Antecedents 

Intermediate 

AKI 

Outcomes 
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Clin Kidney J (2013) 6: 8-14 
doi: 10.1093/ckj/sfsl60 

In Depth Review 

The RIFLE and AKIN classifications for acute kidney injury: a critical 
and comprehensive review 



Risk, Injury, Failure. Loss, and End-Stage Renal Disease 
Cr/GFR criteria Urine output (UO) criteria 


Acute Kidney Injury Network 
Cr criteria Urine output (UO) criteria 


Increased Cr >50% 


GFR decreases >25% 


Increased Cr >100% 


GFR decreases >50% 


Failure' 


Increased Cr >200% 
or 

GFR decreases >75% 
or 

Cr £ 4 mg/d! 
(with acute rise 
y of £ 0.5 mg/dl) 


UO <0.5 ml/kg/h 
x 6 h 


UO <0.5 ml/kg/h 
x 12 h 


UO <0.3 ml/kg/h 
x 24 h 
or 

anuria x 12 h 


\ Persistent Acute Kidney Injury = 
Loss '.complete loss of renal function 
\ for > 4 weeks 


ESRD 


End stage renal 
disease 


Stage 1 


Increased Cr >50% 


>0.3 mg/dl 


UO <0.5 ml/kg/h 
x 6 h 


Staae 2 \ Increased Cr >100% UO <0.5 ml/kg/h 
\ x 12 h 


\ Increased Cr >200% UO <0.3 ml/kg/h 
\ or x 24 h 

StaoeA Cr 2 4 mg/dl or 

y \ (with acute rise anuria x 12 h / 

\ of 2 0.5 mg/dl) / 


Patients who receive renal replacement therapy 
(RRT) are considered to have met the criteria for 
stage 3 irrespective of the stage that they are in 
at the time of commencement of RRT. 
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“ The Gold Standard “sCR.” !! 

Thomas et al.: “The definition of AKI” Kl 2015 
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Mortality: Validation metric 

Thomas et al.: “The definition of AKI” 

Kl 2015 


Ratio ot odds ratios 


Study or subgroup Log (ratio of odds ratios) 

s.e. 

IV, fixed. 95% Cl 

1.1.1 AKIN 1 vs RIFLE P 






Bags haw, 20 OS 

'0.09 

0.04 

1.09 

[101, 

l.lff 

4 

Joannidis. 2009 

0.41 

0.12 

1.51 

[1.19, 

1.91] 

Lopes. 2008 

0.27 

0.43 

1.31 

[0.56, 

3.04] 

Ostermann. 2011 (sCr) 

-0.36 

0.07 

0.70 

[0.61, 

0.80’ 

4 

1.1.2 AKIN 2 vs RIFLE 1 






Bags haw, 2008 

0.07 

0.03 

1.07 

[1.01, 

1.14’ 

4 

Joannidis. 2009 

0.02 

0.11 

1.02 

[0.82, 

1.27] 

Lopes, 2008 ' 

0.3 

0.5 

1.35 

[0.51, 

3.60’ 

4 

Ostermann, 2011 (sCr) 

-0.57 

0.1 

0.57 

[0.46, 

0.691 

4 

1.1.3 AKIN 3 vs RIFLE F 






Bags haw, 2008 

0.02 

0.03 

1.02 

[0.96, 

1.08 : 

4 

Joannidis, 2009 

0 

0.09 

1.00 

[0.64, 

1.19] 

Lopes. 2006 

0.26 

0.44 

1.30 

[0.55, 

3.07] 

Ostermann, 2011 (sCr) 

0.23 

0.1 

1.26 

[103, 

1.53] 


Patio of odds ratios 
IV, fixed. 95% Cl 



0.1 0.2 0.5 1 

Favors RIFLE 
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Nephrology Dialysis Transplantation 


KDIGO 


2012 


Ungraded 


ERBP 


Stage Serum creatinine 


Urine output 


1.5-1 .9 times baseline 
OR 

>0.3mg/dl ( >26.5 f.imol/1) increase 


<0.5 ml/kg/h for 
6-12 hours 


2.0-2 .9 times baseline 


<0.5 ml/kg/h for 
2*12 hours 


3.0 times baseline 
OR 

Increase in serum creatinine to 
>4.0mg/dl (> 353.6 pmol/l) 

OR 

Initiation of renal replacement therapy 
OR, In patients <18 years, decrease in 
eGFR to <35ml/min per 1.73 m 2 


<0.3 ml/kg/h for 
>24 hours 
OR 

Anuria for >12 hours 
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2012 


Stage 1: one of the following: 

• Serum creatinine increased 1.5-1. 9 times baseline 


• Serum creatinine increase >0.3mg dl (26.5 umol 1) 

• Urinary ouotput< 0.5ml kg h during a 6 hour block 


Stage 2: one of the following 
• Serum creatinine increase 2.0-2. 9 times baseline 


Urinary output <0.5ml kgh during two 6 hour blocks 


Stage 3: one of the following: 

• Serum creatinine increase >3 times baseline 


Serum creatinine increases to >4.0mg dl (353 umol I) 
Initiation of renal replacement therapy 
Urinary output <0.3ml kg h during more than 24 hours 
Anuria for more than 12 hours 
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The Simply Referred to as “ Baseline sCR.” 

Thomas et al.: “The definition of AKI” Kl 2015 


Methods of baseline determination Comments 


Use of creatinine results within last 7 days 
Admission creatinine 

Minimum inpatient value during first 7 days of admission as baseline 

Imputation or back-calculation by reversing MDRD equation using age, 
sex, and an assumed normal GFR of 75ml/min per 1.73 m 2 

Mean outpatient value as baseline (— 7 to - 365 days look-back*) 

Most recent outpatient value as baseline ( — 7 to — 365 days look-back*) 

Lowest or nadir outpatient value as baseline ( — 7 to — 365 days look- 
back 3 ) 

Most recent inpatient or outpatient value as baseline ( — 7 to — 365 days 
look-back 3 ) 

Extended baseline look-back ( — 7 to — 730 days) 

Multiple imputation 


May need high rate of imputation — in one study, 29% of patients had a creatinine 
within 7 days of admission 8 

Risk of creatinine elevated by prodrome being used as 'baseline' — hence, extent 
of AKI underestimated 81 

Higher than outpatient creatinine; reduced detection of AKI — likely reflects 
community-acquired AKI 83 

KDIGO suggested the use of lowest creatinine during hospitalization 3 
Lower than outpatient creatinine 
Overestimates prevalence of AKI 83 

Baseline creatinine will often be underestimated, and GFR overestimated, notably 
in CKD ba 

Prone to error 83 85 86 

Highest correlation 0.91 b with adjudicated baseline value — availability 81% of 
patients in the study 81 

Moderately lower correlation 0.84 b with adjudicated baseline value 0 
Moderately lower correlation 0.83 b with adjudicated baseline value 8 

Allows inclusion of last creatinine from previous inpatient stay if ^7 days away 
May allow simpler programming 

Correlation 0.88 b with adjudicated baseline value — availability 93% of patients in 
study 81 

Improved availability of baseline creatinines but some drop in correlation with 
adjudicated baseline 81 

Recently assessed as a research technique 87 
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How Can We Define Recovery after AKI? 

John A. Kellum Nephron Clin Pract 2014 


ADQ1 [1 ] 2004 ATN 

Trial [25] 2008 

Srisawat et al. [19] 201 1 KIM GO [3] 2012 

Complete recoveiT Return to within 50% Retu 

of baseline serum 0.5 r 

creatinine creal 

rn to within 
ng/dl of baseline 
tinine 

Alive, no RRT, less than GFR 

R1FLE-F criteria >60 ml/min/1.73 nf 

Partial recovery Off RRT but failed Off 1 

# 

to return to within retui 

50% of baseline serum dl of 

creatinine 

TRT 3 but failed to 
■n to within 0.5 mg/ 
baseline creatinine 

Off RRT but GFR 

<60 ml/min/1.73 nr for 

<90 davs b 
• 

Non-recoven' Persistent RRT - Pers 

R1FLE-L or -E RIFE 

istent RRT - 
-E-L or -E 

R1FLE-F, -L or -E at GFR 

hospital discharge, <60 ml/min/1.73 nf for 

death or RRT >90 days or persistent RRT 

3 In the ATN trial, patients with a 6-hour creatinir 
dearance <12 ml /min had RRT continued [25 . 

r The concept of AKD was introduced in the guide 
days when the CkD definitions apply. 

le clearance >20 ml/m 
line as a wav of classif 

4 

m were trialed off RRT, whereas patients with a creatinine 
ying patients who did not recover after AKI but prior to 90 
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Action Plan 


KDIGO consensus guideline for AKI 



Stage 3 


Actions 
recommended 
to start when 
patients are 
at high risk... 


•iscontinue all nephrotoxic agents when possible 
Ensure volume status and perfusion pressure 
Consider functional hemodynamic monitoring 
Monitor serum creatinine and urine output 
Avoid hyperglycemia 

Consider alternatives to radiocontrast procedures 

Non-invasive diagnostic workup 


Consider invasive diagnostic workup 

Check for changes in drug dosing 


» 



Consider rena 

l replacement therapy 

Consider ICU ; 

admission 

KDIGO 2012 Kl supple 

ments 

Avoid subclavian catheters if possible 
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Acute kidney inj 

ury: wha 

t’s the prognosis? 

Raghavan Murugan and John A. Kel 

lum 



Serum creatinine level, unne output 
and other functional markers 



injury biomarkers from 
various kidney structures 
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Subclinical AKI 

Haase et al JACC2011 


20 -r 



NGAL©/ NGAL©/ NGAL ©/ NGAL©/ 

sCREA© sCREA© sCREA® sCREA® 

N= 1,296 N=445 N=107 N=474 
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Subclinical AKI 

Haase et al JACC2011 


NGAL-ve NGAL+ve NGAL+ve NGAL-ve 



Hours from insult 


Plasma Creatinine -Q Urinary NGAL 
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Subclinical AK 


an emerging syndrome with important consequences 

H aase et al. 

Nat. Rev. Nephrol (2012) 


No AKI 

RIFLE-negative 

Biomarker-negative 

AKI with function loss 

RIFLE-positive 

Biomarker-negative 
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AKI with tubular damage 

RIFLE-negative 

Biomarker-positive 


with function loss and tubular damage 

RIFLE-positive 

Biomarker-positive 


Subclinical AKI 


Mark Perazella & Steven Coca 


Nat. Rev. Nephrol. (2013) 


PERSPECTIVES 


At-risk kidney 


Incipient AKI 
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Clinical AKI 

Stage 1 
Stage 2 

Stage 3 (non-RRT) 


t 


Full recovery 
from AKI 
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ESRD 

H 

CKD 
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RRT-requirlng AKI 
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At Risk 

Subclinical AKI 

Clinical AKI 

Adverse 

Events 
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Kidney attack versus heart attack: 

evolution of classification and diagnostic criteria 

□ Claudio Ronco, McCullough, Chawla 

S lancet.com Vol 382 September 14, 2013 


Heart 



ST ‘&&9 me n L elevation 
myceardia infarction 

Creati n i ne* i nc 
■ Elevated AKI 
- Change in sc 

: r eased AKI 
hiomarkers 

tj m c reati n i ne or u ri n e o u tpu t 


Isbn-S *seg men t elevation 
myocardial infarction 

Non -creating 
■ E evated AKI 

ie- increased AKI 
hiomarkers 

Unstab e angina 

Renal angina 
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Functional Biomarkers: 

Okusa et al NDT 201 4 
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Damage Biomarkers 

“Troponin of Kidney” 

Okusa et al NDT 2014 
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VISIB 


The Hunting of the SNARF 


Peak of Inflated Expectations 



Slope of Enlightenment 


Trough of Disillusionment 


Technology Trigger Proteomics & Genomics 


Case control, Paediatrics, 
Cardiology - High AUCs 


Prospective, Adult, Co-morbitiies, 
ICU, ED - Low AUCs 


Adjustments for timing, baseline GFR, 
panels, added value 
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John Pickering 

Kl 2013 
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A Panel of Biomarkers...? 
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Discovery and Validation of Cell Cycle Arrest Biomarkers In Hunan AKI 


Kashani et al. Critical Care 2013 


NephroCheck 


Cytokmasis 


Mitosis 


TIMP-2 IGFBP7 
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I s 

(DNA 
syntnesis) 


Mitofcc piase (M) 
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TIMP-2 
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IGFBP7 
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Discovery and Validation of Cell Cycle Arrest Biomarkers In AKI 

(SAPPHIRE Study) 

Kashani et al. (SAPPHIRE Study) Critical Care 2013 


[TIMP-2]»[IGFBP7] 

Urine TIM P-2 
Urine IGFBP7 
Urine NGAL 
Plasma Cyst at in C 
Urine KIM-1 
Plasma NGAL 
Urine IL-18 
Urine pi- GST 
Urine L-FABP 

0,5 0.6 0.7 0.8 0.9 

AUC (with 95% Cl) 



» 0 » 1 » 2 » 3 » 4 » 



Defining AKI 

McCullough etal Nephrol. Clin Pract, 2013 


OMICS Group: 

“? AKI can be defined by 
abnormal levels of kidney 
injury biomarkers even in 
the absence of UO or SCr 
criteria?” 

PCQ 2013: Novel Paradigm 
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No functional 
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Functional 

change 
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ADQ 2013 


Diagnosis of AKI 

McCullough et al 
Nephrol. Basel, Karger, 2013 


No damage 


No functional 
or damage 


Loss of function 
without damage 


Damage present 


Damage without 
loss of function 


Damage with loss of 
function 
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Clinical AKI Adverse 

“CRl-AKl” Events 
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Biomarkers for detecting AKI 

Bonventre et al nature biotechnology 201 0 
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LEADING THE FIGHT 
AGAINST KIDNEY DISEASE 
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The concept of risk and the value of novel markers 
of acute kidney injury 


Ronco and Ricci Critical Care 2013 


Abstract 

Kashani and col eagues studied two nove markers, 
insulin-like growth factor-binding protein 7 and 
tissue inhibitor of metalloproteinases-2, in the urine 
of patients at high risk of acute kidney injury (AKI). 

They validated these markers in a separate large 
multicenter study and compared them with known 
markers of AKI such as neutrophil ge atinase-associated 
ipoca in and kidney injury molecule-1, Insulin-like 
growth factor-binding protein 7 and tissue inhibitor 
of metalloproteinases-2 performed better than other 
known markers and their combination provided 
additional information, These markers could be useful 
in c inica' practice to uncover silent episodes of AKI 
or to make an early identification of patients at risk, 
Ultimately they could help to cetectand possibly 
prevent episodes of acute injury to the kidney, 
sometimes referred to as kidney attack. 
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Kidney attack versus heart attack: 

evolution of classification and diagnostic criteria 

□ Claudio Ronco, McCullough, Chawla 

S lancet.com Vol 382 September 14, 2013 


Heart 



ST ‘&&9 me n L elevation 
myceardia infarction 

Creati n i ne* i nc 
■ Elevated AKI 
- Change in sc 
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hiomarkers 
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Isbn-S *seg men t elevation 
myocardial infarction 

Non -creating 
■ E evated AKI 

ie- increased AKI 
hiomarkers 

Unstab e angina 

Renal angina 
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<f u * R ° n „ c ° Kidney Attack 

Blood Purif 2013 J 
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Molecular Biomarkers & ] 

Diag] 

Ronco et a!.. J Mol Biomark Diagn 2014. 5:2 

http //C 4ir2/ai55-9929.1CCC16^ 

■ utter ta Um liltar 


ept ■ itcctss ■ 
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Spontaneous, Acute Organ Injury ! 
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KIDNEY ATTACK 


■ ■ 


Sym Bio EKG* T Th EF Ml 


Sym UO 


Bio RF Rl 


STEMI 
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Clinical AKI with Kidney Dysfunction 
* AKI KOICaO Stage 1 
r AKI K0IGCJ Stage 2 
^ AKI KDIGO Stage 3 
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NSTEMI 




N/| 


Subclinical AKI with damage 
biomarker positive but dysfunction 
biomarker negative 

Damage Biomarker Trend 
*■ Damaoe Biomarker Rise 


UNSTABLE 

ANGINA 


N/ 


Renal Angina Recognition of 
renal stressors (e.g. hypotension l 
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Kidney Attack 


□ Lay Term 

□ Intermediate Syndrome. 

□ Transition Stage. 

□ If AKI=ACS 

•s Renal Angina = UA 


Claudio Ronco 
Blood Purif 2013 
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Nephrccheck >2 
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Level of insult and recovery phase 


» 0 » 1 » 2 » 3 » 4 » 



Renal Functional Reserve(RFR) 

ADQI 201 3:Physiological Biomarkers Okusaetal Nephrol. Clin Pract, 2013 



Clinical factor? 


Physics log lea I biomarkers 




Biochemical biomarkers 
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Biomarkers of AKI 

Mechanistic Insights & Therapeutic implications 

Alge and Arthur CJASN 2015 
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Clinical Trial Endpoints in AKI 

Frederic Billings Andrew Shaw 
Nephron Clin Pract 2014 


Endpoint 


RIFLE, AKIN, KDIGO urine output AKI criteria 
RIFLE, AKIN, KDIGO serum creatinine AKI criteria 
Renal parenchymal damage biomarkers 
Renal function (clearance) biomarkers 
Hemodialysis 

4 

New-onset CKD (stage 3 or higher) 

Persistent renal function decline (>23% eGFR reduction) 

CKD progression (from stage 3 or 4 to stage 4 or 5) 

Death 
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ADQI 2013:Physiological Biomarkers 

Okusa et al Nephrol. Clin Pract, 2013 


Table 1 . Physiological biomarkers for assessment of kidney function in AKI 


Glomerular filtration rate/urine flow monitoring | 

- Urine indices 

- Real-time GFR measurement 

- Serial serum creatinine measurement (with correction for fluid balance using 
bioelectrical impedance analysis) 

^Continuous_urine flow 
Renal perfusion | 

- Doppler ultrasound (visualization of macrocirculation) 

^_Contrast^nhanced ultrasound (visualization of microcirculation) 

Renal oxygenation] 

- Bladder tissue p02 

- Bladder urine p02 (measure of renal medullary oxygenation) 

- Near infrared spectroscopy (measure of renal 0 2 bioavailability) 

- BOLD MRI (measure of renal 0 2 bioavailability) 

- PET (measure of renal metabolis m) 

Other complimentary markers | 

- Kidney ultrasound 

- Renal venous 0 2 saturation (measure of renal oxygen consumption) 

- Urinalysis (renal indices, urine sediment, flow cytometry) 

- Endothelial markers (e.g. endothelial microparticles, glycocalyx degradation) 

- Inflammatory markers (e.g. cytokines, immune cells) 

- Oxidative stress markers 
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Furosemide Stress Test (FST): 

Validation for predicting severity of AKI 

Chawla et al. Critical Care 2013 


r \ 

Abstract 

Introduction: In the setting of early acute kidney injury (AKI), no test has been shown to definitively predict the 
progression to more severe stages. 

Methods: We investigated the ability of a furosemide stress test (FST) {one-time dose of 1.0 or 1.5 mg/kg depending 
on prior furosemi de-exposure) to predict the development of AKIN Stage-Ill in 2 cohorts of critically ill subjects with 
early AKI. Cohort 1 was a retrospective cohort who received a FST in the setting of AKI in critically ill patients as part of 
Southern AKI Network. Cohort 2 was a prospective multicenter group of critically ill patients who received their FST in 
the setting of early AKI. 

Results: We studied 77 subjects; 23 from cohort 1 and 54 from cohort 2; 25 (32.4%) met the primary endpoint of 
progression to AK3N-III. Subjects with progressive AKI had significantly lower urine output following FST in each of the 
first 6 hours (p<0.001). The area under the receiver operator characteristic curves for the total urine output over the first 
2 hours following FST to predict progression to AKIN-III was 0.87 (p = 0.001). The idea I -cutoff for predicting AKI 
progression during the first 2 hours following FST was a urine volume of less than 200mls{100mJ/hr) with a sensitivity of 
87.1% and specificity 84.1%. 

Conclusions: The FST in subjects with early AKI serves as a novel assessment of tubular function with robust predictive 
capacity to identify those patients with severe and progressive AKI. Future studies to validate these findings are 
warranted. 
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Action Plan 


KDIGO consensus guideline for AKI 



Stage 3 


Actions 
recommended 
to start when 
patients are 
at high risk... 


•iscontinue all nephrotoxic agents when possible 
Ensure volume status and perfusion pressure 
Consider functional hemodynamic monitoring 
Monitor serum creatinine and urine output 
Avoid hyperglycemia 

Consider alternatives to radiocontrast procedures 

Non-invasive diagnostic workup 


Consider invasive diagnostic workup 

Check for changes in drug dosing 


» 



Consider rena 

l replacement therapy 

Consider ICU ; 

admission 

KDIGO 2012 Kl supple 

ments 

Avoid subclavian catheters if possible 
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L .M. .M. .M. 


Redefining “Physiology” 

^ATN to AKI. 

•^Static to dynamic. 

^Pre-renal to volume responsive. 
^Liberal to Restrictive. 

^Normal to Balanced. 
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From AKI to Kidney Attack 
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